Genetic approach to evaluate specificity of small molecule drug candidates inhibiting PLK1 using zebrafish.
During the preclinical drug discovery process it remains a challenge to enable early elimination of candidate molecules that may have non-specific, off-target activities. Here, we use whole zebrafish embryo assays coupled with genetic analysis to address this issue. PLK1 (Polo-like kinase 1) is one of the key regulators that control mitotic entry, spindle assembly, chromosome segregation, and cytokinesis in the cell cycle. Since plk1 expression is abnormally up-regulated in several tumors, it is regarded as a good target for cancer therapy. A number of small-molecule inhibitors targeting PLK1 have been developed as reagents and anticancer drug candidates. It will be interesting to determine if these inhibitors indeed specifically target PLK1 in vivo. Bioinformatics analysis revealed that the zebrafish and human genomes share high homology across all PLK family members. In particular, PLK1 has a nearly identical 3-D structure between zebrafish and human. We selected three published PLK1 inhibitors, LFM-A13, ON01910, and thiazole-carboxamide 10A in our assay. When added at 2-cell stage, all of these inhibitors prevented embryos from dividing and caused cells to fuse into one large cell. When added at the later stage during zygotic mRNA transcription program initiation, embryos survived for 3 days but showed different phenotypes for each compound. Embryos treated with LFM-A13 appeared relatively normal. Embryos treated with ON01910 failed to properly develop trunk and tail regions while the head structure was unaffected. Embryos treated with thiazole-carboxamide 10A had a shorter body axis and deformed head structure. To determine which inhibitor is more selectively targeting PLK1, we inhibited PLK1 activity using anti-sense morpholino. Comparative analysis indicated that thiazole-carboxamide 10A could faithfully phenocopy zebrafish embryos genetically deficient of plk1. These findings demonstrate that these three PLK1 inhibitors, although well established by in vitro studies, have different off-target activities in vivo, and that thiazole-carboxamide 10A appears most specific to PLK1. Our studies suggest that zebrafish should be generally useful as an efficient in vivo model to evaluate specificity of small molecules designed to regulate any conserved target proteins through comparative analysis of genetic phenotypes.